It is well documented that estrogen can activate rapid signaling pathways in a variety of cell types. These non-classical effects of estrogen have been reported to be important for cell survival after exposure to a variety of neurotoxic insults. Since direct evidence of the ability of the estrogen receptors (ERs) a and/or b to mediate such responses is lacking, the hippocampal-derived cell line HT22 was stably transfected with either ERa (HTERa) or ERb (HTERb). In HTERa and HTERb cells, but not untransfected cells, an increase in ERK2 phosphorylation was measured within 15 min of 17b-estradiol treatment. The ER antagonist ICI 182, 780 (1 lM) and the MEK inhibitor, PD98059 (50 lM) blocked this increase in ERK2 phosphorylation. Treatment of HT22, HTERa and HTERb cells with the b-amyloid peptide (25-35) (10 lM) resulted in a significant decrease in cell viability. Pre-treatment for 15 min with 10 nM 17b-estradiol resulted in a 50% increase in the number of living cells in HTERa and HTERb cells, but not in HT22 cells. Finally, ICI 182, 780 and PD98059 prevented 17b-estradiol-mediated protection. This study demonstrates that both ERa and ERb can couple to rapid signaling events that mediate estrogen-elicited neuroprotection.
The estrogen receptors belong to the steroid hormone receptor superfamily and function as ligand-activated transcription factors (MacGregor and Jordan 1998) . Upon binding estrogen, they undergo conformational changes that result in DNA binding and regulation of gene transcription (MacGregor and Jordan 1998) . Estrogen treatment regulates the expression of many genes throughout the brain. This includes those which encode products involved in apoptosis (Singer et al. 1998; Linford et al. 2001) , axonal regeneration (Tanzer and Jones 1997) , or general trophic support (Sohrabji et al. 1995) . Thus, estrogen regulates the expression of genes involved in proliferation and neuronal survival.
In addition to regulating gene transcription, estrogen initiates second messenger signaling events, including mobilization of intracellular calcium (Morley et al. 1992) , production of cAMP (Razandi et al. 1999) , Akt (Ahmad et al. 1999) and activation of the mitogen-activated protein kinases (MAPK), ERK1 and ERK2 (Watters et al. 1997; Singh et al. 1999) . Several lines of evidence suggest estrogen neuroprotection may be mediated by rapid intracellular signaling events rather than ERE-mediated gene transcription. For example, activation of protein kinase A, protein kinase C, and MAPK have been linked to neuroprotection in various cellular model systems (Singer et al. 1999; Rydel and Greene 1988; Watters et al. 1997) . However, it is not clear whether the nuclear receptors mediate these rapid events and whether this activation of signaling pathways is sufficient to elicit neuroprotection.
Studies in various systems have shown that estrogen protects neurons from insults including b-amyloid peptide (Green et al. 1996) , serum-deprivation (Gollapudi and Oblinger 1999a) , excitotoxicity (Singer et al. 1998) , and oxidative stress (Moosmann and Behl 1999) . Not only is exogenous estradiol protective, but estrogen receptor (ER) expression is increased at sites of injury (Garcia-Segura et al. 2001) , suggesting a role for estrogen receptors in mediating neuroprotection. Although estrogen exerts direct effects on neurons, the molecular events that mediate estrogen neuroprotection are only beginning to be elucidated.
An increasing body of evidence implicates the cloned estrogen receptors, ERa and ERb, in mediating estrogeninduced neuroprotection. Gollapudi and Oblinger have found that estradiol exposure attenuates serum-deprivation toxicity in PC12 cells transfected with ERa, but not those transfected with an empty vector (Gollapudi and Oblinger 1999b) . In addition, in an in vivo model of ischemia, ERa was found to mediate the protective effects of physiological concentrations of estradiol in brain injury (Dubal et al. 2001) . The role of ERb, however, in neuroprotection remains controversial.
Recent reports suggest transfected estrogen receptors (ERa and b) initiate rapid signaling in CHO cells (Razandi et al. 1999) and Rat-2 fibroblast cells (Wade et al. 2001) . Comparable evidence showing that ERa or b function similarly in a neuronal cell system or that their introduction confers estrogen-mediated neuroprotection is lacking. Their individual contributions cannot easily be evaluated in primary cultures since coexpression of both receptor isoforms in primary neurons and throughout the brain is likely. In the present study, hippocampal-derived HT22 cells were stably transfected with ERa or ERb to characterize the role of each receptor in mediating the activation of signaling pathways and in neuroprotection.
Materials and methods
Chemicals 17b-Estradiol and PD98059 were purchased from Sigma Chemical Company (St Louis, MO, USA). ICI 182, 780 was purchased from Tocris Cookson (Ballwin, MO, USA). b-Amyloid peptide (fragment 25-35) was purchased from Promega (Madison, WI, USA).
Cell culture HT22 cells were given as a kind gift from Dr Pamela Maher (The Scripps Research Institute, La Jolla, CA, USA). These cells were grown on 100 mm tissue culture dishes and maintained in Dulbecco's modified Eagle's medium (DMEM; Sigma) media supplemented to 5% fetal bovine serum (FBS) and 1% Pen-Strep (Gem Cell, Woodland, CA, USA) at 37°C in a 5% CO 2 atmosphere. Cell density was maintained £ 70% confluency as described previously (Maher and Davis 1996) .
Stable transfection of HT22 cells HT22 cells were grown to approximately 60% confluence before being transfected with the lipid transfection reagent, TransFast (Promega). pCDNA3.1-hygromycin (7.3 lg) containing either the full-length human ERa cDNA (Kumar et al. 1987 ) (a gift from Dr Pierre Chambon, Strasbourg, France) or rat ERb cDNA (Kuiper et al. 1996 ) (a gift from George Kuiper, Karolinska Institute, Sweden) was added at a 1 : 1 ratio with Transfast per 100 mm plate. Media was changed 24 h later and hygromycin (125 lg/mL) was added to the media 72 h after transfection for selection of estrogen receptor-expressing clones. Single colonies were isolated after the 10th day of growth in selective conditioned media and tested for receptor expression by immunoblotting.
Immunocytochemistry
Rat-2 fibroblast and HT22 cells (5 · 10 5 ) were plated on glass coverslips coated with poly-L-ornithine and incubated overnight in 24-well culture plates. The cultures were washed three times in cold (1x) phosphate-buffered saline (PBS) and immersed in fixative containing PBS, 2% paraformaldehyde, 0.1% glutaraldehyde, 0.12 M sucrose, and 0.5% Triton X-100 for 1 min followed by three washes. Reactive aldehyde groups were quenched in 50 mM ammonium chloride at room temperature (25°C) for 1 h. Cells were rinsed again in PBS and non-specific binding was blocked by incubating in PBS + 5% bovine serum albumin (PBSA) for 1 h at room temperature. The primary antibody, mouse monoclonal neuronal specific-enolase (NSE) (Monosan Products, Burlingame, CA, USA) was added to cells at a concentration of 1 : 200 in 1% PBSA and incubated overnight at 4°C. Following five 12-min washes in PBS, the cultures were incubated in goat anti-mouse AlexaFluor 488 (Molecular Probes, Eugene, OR, USA) at 10 lg/mL in 1% PBSA for 1 h at room temperature. In order to intensify the signal, cells were also incubated in a tertiary antibody, donkey antigoat AlexaFluor 488 at 10 lg/mL in 1% PBSA for 1 h at room temperature. Cultures were washed five times in PBS. The coverslips were removed and allowed to air dry, then inverted onto glass slides, mounted with Vectashield (Vector, Burlingame, CA, USA) and sealed. Images were acquired on a Bio-Rad MRC600 confocal microscope.
Immunoblotting Cells were rinsed with ice-cold PBS buffer, scraped into immunoprecipitation buffer (1 M HEPES, 0.1 M EGTA, 0.5 M EDTA, 0.5 M Na + pyrophosphate, 1 M NaF, 1 mM NaVO 4 , 9 mM NaCl) and incubated on ice for at least 5 min. The samples were then sonicated for 2 min followed by centrifugation at 20 800 g for 10 min. The supernatant was transferred to a new tube and protein concentrations were determined using the BCA assay (Pierce, Rockford, IL, USA 
Activation of ERK2
Cells were grown to 70-80% confluence on 100 mm plates. Eighteen hours before treatment the media was replaced with phenol red-free DMEM not supplemented with FBS. Cells were treated with ethanol vehicle (0.1% final concentration), 17b-estradiol (10 nM), PD98059 (50 lM), or ICI 182, 780 (1 lM) for the indicated times. The media was removed and the cells were washed in ice-cold PBS. Immunoblotting was performed as described above, except that equal volumes of protein extracts were loaded and resolved on 4-12% Bis-Tris precast gels (Invitrogen). ERK2 phosphorylation was detected using mouse anti-phospho-p44/42 MAPK (1 : 2000, Santa Cruz Biotechnology) that recognizes phospho-THR202 and THR204 forms of ERK1/2. Phosphorylation at these sites has been correlated with increased activity (Payne et al. 1991; Robbins and Cobb 1992; Robbins et al. 1993) . Total ERK2 was detected using rabbit anti-ERK2 (1 : 10 000, Santa Cruz Biotechnology). Secondary goat antimouse antibodies (1 : 5000, Santa Cruz Biotechnology) or goat anti-rabbit antibodies (1 : 5000) conjugated to horseradish peroxidase were used for detection by enhanced chemiluminescence (NEN) on film. The resulting film samples were scanned and analyzed with an image analysis program (NIH IMAGE, Scion Corporation, Frederick, MD, USA). Data are presented as a ratio of phospho-ERK2/total ERK2 in the sample, normalized to vehicletreated samples.
Cytotoxicity assay

Cell treatments
Cells were grown to 70-80% confluence in 12-well plates. Twentyfour hours before treatment the media was replaced with phenol red free DMEM supplemented with charcoal-stripped FBS (1%). b-Amyloid peptide 25-35 was suspended in sterile PBS and incubated for 1 h at 37°C immediately before use. b-Amyloid peptide was then diluted to a final concentration of 10 lM in culture media and cells were exposed for 24 h. 17b-Estradiol was initially dissolved in 95% ethanol at a concentration of 1 mM and diluted to the appropriate concentration (10 nM) in culture media. Exposure to 17b-estradiol was initiated 15 min prior to b-amyloid peptide addition. Ethanol was used at a final concentration of 0.1% as a vehicle control. This concentration of ethanol had no effect on cell viability or b-amyloid peptide toxicity. ICI 182, 780 and PD98059 were made as 1000 · stocks in 100% DMSO and were added to cells 15 min prior to 17b-estradiol exposure.
Calcein AM Following incubation of cells in b-amyloid peptide, cells were rinsed once with PBS and incubated with 1 lM Calcein AM dye (Molecular Probes) at 37°C for 15 min, washed twice with PBS and coverslips applied. Green fluorescent cells are the product of mitochondrial cleavage of Calcein AM and were observed using a Nikon Optiphot 2 microscope with the EF-D fluorescence attachment and G-1B and DM510 filters and counted as living cells.
Statistical analysis
The significance of differences among groups was determined by one-way analysis of variance (ANOVA) followed by a Tukey's multiple comparison test. p < 0.05 was considered significant and each group consisted of 6-12 wells or plates. All values are expressed as mean ± SEM.
Results
Generation of HT22 stable transfectants
The mouse hippocampal-derived cell line, HT22, which lacks functional estrogen receptors (Behl et al. 1995; Green et al. 1998; Manthey et al. 2001) was used for transfection studies. Immunocytochemistry was performed to detect expression of NSE, a neuron-specific marker, in HT22 cells and Rat-2 fibroblasts. Figure 1 (a) shows that HT22 cells maintain a neuronal morphology and express NSE. Rat-2 fibroblast cells showed only non-specific background staining that appeared when the cells were incubated with secondary antibody only (data not shown). HT22 cells were stably transfected with plasmids containing either the full-length human ERa or the full-length rat ERb cDNA. After transfection of ERa or ERb, immunoreactive protein of the appropriate molecular weight was detected in HTERa and HTERb cells by immunoblotting (Fig. 1b) . ERa or ERb is required for estrogen to induce ERK2 phosphorylation Activation of the MAPK pathway has been implicated as one potential mediator of estrogen-induced neuroprotection (Singer et al. 1999; Kuroki et al. 2001) . To determine if ERa or ERb can mediate rapid activation of the MAPK pathway in HTERa and HTERb cells, we tested the ability of 10 nM 17b-estradiol to increase ERK2 phosphorylation. Figure 2 (a) shows that ERK2 phosphorylation is increased within 15 min and returns to basal levels by 30 min in cells expressing either ERa or ERb. Under these culture conditions, no increase in ERK2 phosphorylation was observed in untransfected HT22 cells, suggesting that expression of either ERa or ERb is required for estrogen to increase ERK2 phosphorylation.
To further demonstrate that the transfected estrogen receptors are mediating the ability of estrogen to increase ERK2 phosphorylation, we tested the ability of the estrogen receptor antagonist ICI 182, 780 to block ERK2 phosphorylation. ICI 182, 780 (1 lM), significantly inhibited the increase in ERK2 phosphorylation by 17b-estradiol in both HTERa and HTERb cells (Fig. 3) . These data, together with the lack of ERK2 phosphorylation in response to 17b-estradiol in untransfected HT22 cells, demonstrate that either ERa or ERb can mediate the increase in ERK2 phosphorylation by 17b-estradiol in a neuronal cell model expressing either ERa or ERb.
To determine whether the increase in ERK2 phosphorylation was initiated by MEK, cells were pretreated with the inhibitor PD98059 (50 lM) for 15 min prior to 17b-estradiol Equal volumes of cell lysates were probed with an anti-phosphospecific p42/44 MAPK (ERK1/ERK2) antibody. Total ERK2 was detected using an anti-ERK2 antibody that recognizes both phosphorylated and unphosphorylated ERK2. (b) Relative amounts of phosphorylated ERK2 were determined from densitometric scanning of ECL-exposed film. Data is represented as fold increase in relative phosphorylated ERK2 as compared to vehicle treatment ± SEM. All experiments were performed at least three times in triplicate; *p £ 0.05, as determined by one-way ANOVA. Fig. 3 The ER antagonist, ICI 182, 780 blocks the increase in ERK2 phosphorylation induced by 17b-estradiol in HTERa and HTERb cells. HTERa and HTERb cells were treated with vehicle, 10 nM 17b-estradiol, 1 lM ICI 182,780, or 17b-estradiol and ICI 182, 780 for 15 min and analyzed as described in Fig. 2. (a) A representative immunoblot probing for phosphorylated and total ERK2 using anti-phospho-specific p42/44 MAPK (ERK1/ERK2) antibody and anti-ERK2 antibody. (b) Relative amounts of phosphorylated ERK2 were determined and represented as described in Fig. 2 treatment. PD98059 completely blocked the increase in ERK2 phosphorylation by 17b-estradiol (Fig. 4) , suggesting that estrogen requires MEK and possibly other upstream signaling molecules of the MAPK pathway to increase ERK2 phosphorylation. PD98059 also increased total ERK2 levels in HTERb cells as compared to vehicle treatment and 17b-estradiol treatment (Fig. 4a) . This observation was not seen in HT22 or HTERa cells, but was reproducible in HTERb cells. The conditions used to measure neuroprotection were initially different than those used to measure estrogen activation of ERK2. When measuring ERK2 activation cells are grown in serum-free media overnight, however, these cells do not live in serum-free media for more than 36 h. Therefore, in neuroprotection experiments the cells were maintained in 1% charcoal-stripped media. To ensure that under these conditions 17b-estradiol could indeed activate ERK2, western blots were performed in cells that had been maintained in 1% charcoal-stripped media. Figure 5 (c) shows that and increase in ERK2 phosphorylation is observed in HTERa and HTERb cells.
Estrogen-mediated neuroprotection against b-amyloid toxicity requires expression of ERa or ERb
In order to confirm that the neuroprotective effect of 17b-estradiol was dependent on estrogen receptors, cells were pretreated with ICI 182, 780. While ICI 182, 780 (1 lM) had no cytotoxic or neuroprotective effects on its own (data not shown), it blocked the ability of 17b-estradiol to increase living cell numbers (Figs 6a and b) , demonstrating that the protective effects of estrogen occurred in an estrogen receptor-dependent manner. In order to determine if 17b-estradiol-mediated neuroprotection was dependent on activation of MAPK, cellular cytotoxicity was determined in the presence and absence of PD98059. While PD98059 (50 lM) had no effect on cytotoxicity alone, it abolished the ability of 17b-estradiol to increase living cell number (Figs 7a and b) . This data suggests that the protective effects of estrogen are occurring through a MAPK-dependent pathway. Figure 7 (b) is a representative experiment depicting the abundance of living cells (green) treated with b-amyloid peptide in the presence and absence of 17b-estradiol, and the reduction of living cells observed after b-amyloid peptide treatment in the presence of estrogen and PD98059.
Discussion
Although it has been suggested that estrogen is beneficial in the prevention of Alzheimer's disease (Paganini-hill and Fig. 4 The MEK inhibitor, PD98059, blocks the increase in ERK2 phosphorylation induced by 17b-estradiol in HTERa and HTERb cells. HTERa and HTERb cells were pretreated for 15 min with 50 lM PD98059 as indicated, followed by treatment with vehicle or 10 nM 17b-estradiol for 15 min. Cellular protein was isolated and analyzed by immunoblotting as described in Fig. 2. (a) A representative immunoblot measuring phosphorylated and total ERK2 using antiphosphospecific p42/44 MAPK (ERK1/ERK2) antibody and anti-ERK2 as described previously. (b) Relative amounts of phosphorylated ERK2 were determined and represented as described previously. Experiments were performed at least three times in triplicate; *p £ 0.05 versus vehicle-treated cells and + p £ 0.05 versus 17b-estradiol-treated cells as determined by one-way ANOVA.
Henderson 1994), it is not known whether this involves increasing neuronal survival in Alzheimer's patients. In addition, the underlying molecular mechanism by which estrogen might act to enhance neuronal survival is not clearly understood. Previous studies have shown that high concentrations of estrogen can protect against b-amyloid peptide induced cell death in the ER-negative HT22 cells (Behl et al. 1995; Green et al. 1998) , suggesting that estrogen can protect neurons through ER-independent pathways, potentially involving its antioxidant properties at supraphysiological concentrations.
However, other reports suggest that physiological concentrations of estrogen act through an ER-dependent mechanism to protect against neuronal cell death. For example, estrogen activation of MAPK through the estrogen receptors provides neuroprotection in primary neuronal cultures against a variety of toxic insults including quinolinic acid toxicity (Kuroki et al. 2001 ) and glutamate excitotoxicity (Singer et al. 1999) . It is likely that ERa and ERb are coexpressed in various primary neuronal preparations, or are endogenously coexpressed in many cell lines, making it difficult to study the role of the individual receptor subtype in mediating neuroprotection. Therefore, a neuronal cell model that expresses only ERa or ERb was generated in order to determine the possible contribution of each receptor in activation of signaling pathways and in neuroprotection.
In this study, the contribution of ERa and ERb in mediating neuroprotection against b-amyloid peptide toxicity was examined. Cells were pretreated with 17b-estradiol followed by b-amyloid peptide for 24 h. Physiological concentrations of 17b-estradiol (10 nM) were protective against b-amyloid peptide in HTERa and HTERb cells, but not in HT22 cells. This suggests that under the culture conditions used, estrogen receptor expression is required for low concentrations of estrogen to be neuroprotective against b-amyloid peptide toxicity. A supraphysiological concentration of 17b-estradiol (1 lM) was neuroprotective in HT22, HTERa and HTERb cells (data not presented) an effect previously attributed to antioxidant properties of the molecule (Maher and Davis 1996) . Neuroprotection was blocked by ICI 182,780, further demonstrating that ERa or ERb is required for low doses of 17b-estradiol to elicit neuroprotection. Studies have observed neuroprotection in the presence of transcriptional inhibitors (Goodman et al. 1996; Regan and Guo 1997; Sawada et al. 1998 ) emphasizing that other more transient events are crucial for estrogen to be neuroprotective. In this and other studies, pretreatment for periods of 24 h or longer are also protective (data not shown). Thus acute and long-term neuroprotection by estrogen is likely to exhibit components that may be mediated by different mechanisms.
It is well documented that 17b-estradiol can activate the MAPK pathway and studies by Razandi et al. (1999) and Wade et al. (2001) demonstrated that transient or stable transfection of either ERa or ERb can mediate this rapid activation. Estradiol activation of MAPK has been described in neocortical explants and primary cortical neurons (Singer et al. 1999) , while 17b-estradiol-BSA, a membrane impermeable estrogen, has been shown to activate this pathway in SK-N-SH cells (Watters et al. 1997) . Activation of this pathway is rapid, with phosphorylation of ERK2 occurring within 5-15 min after estradiol exposure.
Here we document that MAPK activation requires the expression of ERa or ERb in HT22 cells, and the ER antagonist, ICI 182,780, blocks this activation. The MEK inhibitor, PD98059, also blocked MAPK activation by estrogen suggesting that active MEK and perhaps other upstream kinases of the MAPK pathway are involved. The time course of MAPK activation was similar for ERa and ERb expressing cells in which maximal activation was seen at 15 min, and this response returned to basal levels by 30 min.
In contrast to these studies, it was recently reported that estrogen treatment leads to MAPK phosphorylation in HT22 cells (Manthey et al. 2001) . ICI 182, 780 failed to block the effects of estrogen indicating that activation of MAPK was independent of estrogen receptor expression. Under our culture conditions, wild-type HT22 cells treated with 10 nM estrogen fail to activate MAPK (n ¼ 10). Estrogen receptor expression is necessary in order to detect MAPK phosphorylation. There are many notable differences between this study and our own. Importantly, Manthey et al. (2001) use very low density cultures, reportedly only 30-40% of that used here. Perhaps at low density, HT22 cells express elements, which are capable of mediating estrogen-induced MAPK activation. The failure of ICI 182, 780 to block these effects suggests that ERa or ERb are not involved under these conditions. The time frame of MAPK activation correlates to the pretreatment time required to see neuroprotection. Indeed, PD98059 blocked neuroprotection and ERK2 activation suggesting that transient phosphorylation of MAPK results in estrogen's ability to be neuroprotective. It is possible that estrogen is eventually activating transcription of genes important for neuroprotection. This has been shown to occur in SK-N-BE2C cells transfected with ERa. In these cells, the membrane impermeable E2-BSA acted through non-genomic mechanisms at the cell membrane to activate an EREluciferase reporter. The events were proven to act through the classical estrogen receptor at the cell membrane, as ICI 182, 780 blocked the transcriptional effects (Vasudevan et al. 2001) . Alternatively, genes responding to activation of the MAPK pathway, independent of ERE activity may also be induced. Therefore, it is possible that a 15-min pretreatment with estrogen is neuroprotective due to the subsequent transcription of multiple genes. (i.e. a nonclassical pathway for estrogen activation of transcription).
Neuroprotection through an ERa dependent pathway was not surprising, as several studies have supported a role for ERa in neuroprotection. Gollapudi and Oblinger found that estradiol exposure attenuates serum-deprivation toxicity in PC12 cells transfected with ERa, but not those transfected with a control plasmid (Gollapudi and Oblinger 1999b) . In addition, in an in vivo model of ischemia, ERa was found to be the critical link in mediating the protective effects of physiological concentrations of estradiol in brain injury (Dubal et al. 2001) . A recent report has shown that 1.8 nM estrogen is neuroprotective against b-amyloid peptide toxicity in HT22 cells stably transfected with ERa (Kim et al. 2001) . These effects of 17b-estradiol were also blocked by ICI 182,780, further indicating the need for ERa in order to manifest protection. These studies were conducted in a cotreatment paradigm for 24 h, and the requirement for rapid signaling events was not studied.
The role of ERb in mediating neuroprotection is less well documented. For example, in studies by Dubal et al. (2001) ERb was not sufficient for protection against ischemia in an in vivo model. In addition, Kim et al. (2001) did not observe neuroprotection against b-amyloid peptide toxicity in HT22 cells stably transfected with ERb. In the current study, however, we observe pronounced neuroprotection in HTERb cells. An explanation for the discrepancy could be due to differences in the treatment paradigms. Kim et al. report that estrogen is not neuroprotective in HTERb cells following an 18-h treatment, whereas here we report that estrogen is neuroprotective following a 15-minute pretreatment. In support of our findings, studies by Sawada et al. (2000) demonstrated estrogen to be neuroprotective in mesencephalon dopaminergic neurons, which exclusively express ERb. In vivo, Wang et al. (2001) demonstrated the importance of ERb in the survival of neurons throughout the brain by measuring a neuronal deficit in ERb knockout mice. In this study, the neuronal loss was increased with age suggesting a role for ERb in the prevention of neurodegenerative diseases.
Our studies clearly show that ERa and ERb can mediate rapid activation of MAPK in stably expressing HT22 cells, and that this activation is necessary for neuroprotection against b-amyloid peptide toxicity. HTERa and HTERb cells rapidly activate MAPK within 15 min of exposure to 10 nM 17b-estradiol, and these effects are blocked by pretreatment with the ER antagonist ICI 182, 780 and the MEK inhibitor PD98059. 17b-Estradiol provided neuroprotection against b-amyloid peptide toxicity in a similar time frame. Neuroprotection was blocked by ICI 182, 780 and PD98059, further demonstrating that estrogen activation of MAPK via the estrogen receptor is necessary for 17b-estradiol to be neuroprotective. This is the first demonstration that either ERa or ERb can mediate estrogen neuroprotection in a neuronal cell model, suggesting that activation of either receptor may be a target for increasing neuroprotection in neurodegenerative diseases.
